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A Nomenclature of Symbols Relevant t o  the 
Probabi l i ty  of Contaminating b r s  
Richard G. Cornel1 
Flor ida S ta t e  University 
A nomenclamre of symbols, useful  i n  developing expressions far the  
probabi l i ty  of contaminating Mars under a va r i e ty  of conditions,  is given 
below. 
earlier by Schalkowsky and Cooley of Exotech Incorporated. 
tageous s ince  the  nota t ion  presented by those authors i s  used f a i r l y  
extensively.  However, i n  l i n e  with suggestions made i n  a telephone conversa- 
t i o n  w i t h  Schalkousky, 
of  d i f f i c u l t i e s  t h a t  have a r i s en  i n  the typing of subscr ipts ,  pa r t i cu la r ly  
f o r  subscr ip ts  which a r e  c a p i t a l  l e t t e r s .  
systematical ly  i n  such a way that it  is easy t o  d is t inguish  between symbols 
which per ta in  t o  a s ing le  mission or capsule and those which per ta in  t o  the  
whole period ,of bio logica l  exploration, between symbols per ta ining t o  
capsules  and those per ta ining t o  organisms, those per ta ining t o  objec ts  o r  
organisms which have not  been subjected t o  decontamination treatment and 
This nomenclature is s imi la r  i n  many respects t o  t h a t  prepared 
This is advan- 
the use of subscr ipts  has been cu r t a i l ed  because 
The d e f i n i t i o n s  have been developed 
those per ta in ing  t o  things for  which s t e r i l i z a t i o n  has been attempted. 
F i r s t  let  us  look a t  symbols designating probabi l i ty  concepts. 
Suppose t h a t  A and B are  any events. Then 
P(A) - probabi l i ty  t h a t  the  event A occurs, regardless  of whether or  
not the  event B occurs. 
P(A+B) - probabi l i ty  t h a t  t h e  event A occurs o r  the event B occurs 
(or both occur). 
P(A*B) = probabi l i ty  t h a t  the events A and B both occur. 
P(A{B) - probabi l i ty  t h a t  the  event A occurs given t h a t  the  event 3 
occurs. When a probabi l i ty  is conditional on more than one 
given event, these events a r e  l i s t e d  a f t e r  the I symbol and 
are separated by commas. 
The symbol P r e f e r s  t o  true,  though usual ly  unknown, probabi l i ty .  An 
es t imate  of a probabi l i ty  P is denoted by P.  
h 
Two basic  ru l e s  f o r  dealing 
with p robab i l i t i e s  such as those defined above are  
I f  A and B a r e  mutually exclusive events, P(A-B) = 0 and the f i r s t  of these 
r u l e s  reduces t o  the  spec ia l  case 
P(A+B) = P(A) + P(B). 
I f  A and B a r e  s tochas t i ca l ly  independent, P(A1B) P(A), P(BIA) = P(B) 
and the second r u l e  reduces t o  
P(A*B) = P(A)*P(B); 
A t h i r d  r u l e  dea ls  with the  event A =  "not A", where A is any event. 
Rule 3 :  P(z) = 1 - P(A). 
Another operat ional  symbol r e l a t ed  to  probabi l i ty  is  E, where E means 
expected value of". Thus i f  m denotes a number of viable  organisms a f t e r  S I  
decontamination treatment and i f  P(s)  i s  the  probabi l i ty  t h a t  a s ing le  such 
organism survives a space journey, then E ( m l s )  = mP(s) - the  expected number 
of decontaminated t rea ted  organisms which w i l l  survive a space journey. 
N e x t  let us  look a t  conventions regdrding the  designation of events.  
An event denoted by a c a p i t a l  l e t t e r  involves a spacecraft .  For instance,  
the  symbol C denotes contamination of Mars by spacecraf t .  Small letters 
denote events  for which the bas ic  u n i t  is an individual  organism. For 
instance,  g w i l l  denote the growth of an organism. A subscr ip t  on a space- 
c r a f t  event symbol denotes t h a t  the event involves a par t i cu la r  decontaminated 
- 3 -  . 
lander or intended flyby which has not been decontaminated. The absence of 
a subscr ip t  on a spacecraf t  event symbol means t h a t  the event is  defined 
r e l a t i v e  t o  the e n t i r e  period of biological  exploration. 
decontaminated landers during the period of b io logica l  explorat ion is  
denoted by N and the dummy subscr ipt  used t o  ind ica te  8 series of de- 
contaminated landers w i l l  be i, i = 1,2,. . .,N. Similarly, the total  number 
of non-decontaminated o r b i t e r s  not intended f o r  landing i s  denoted by N' 
and the  dummy subscr ip t  used t o  ind ica te  a series of such flybys is  j, 
j = l,Z,...,N'. 
involvesa spacecraf t  o r  organism which has not  been subjected t o  decontamination 
treatment, while the absence of a prime means the event involves a Spacecraft  
or organism f o r  which s t e r i l i z a t i o n  has been attempted. The symbol m is used 
t o  denote a number of v iab le  
given f o r  subscr ip ts  and primes per ta in  t o  m a s  w e l l  as t o  event symbols, so 
m' denotes the number of v i ab le  organisms i n i t i a l l y  on the j t h  non- 
decontaminated o rb i t e r .  
The to t a l  number of 
I n  general, a prime on an event symbol means t h a t  the event 
organisms before a space journey. The rules 
J 
Next l e t  us  def ine severa l  basic event symbols. 
C = contamination of Mars, during the e n t i r e  period of b io logica l  
experimentation being considered, with decontaminated spacecraf t .  
s = surv iva l  of organisms on (or in )  a decontaminated spacecraf t  
through a space journey, including a landing on Mars or, a t  
least, the a r r i v a l  a t  a pos i t ion  where it can possibly contaminate 
Mars. 
r = release of a v iab le  organism from a decontaminated spacecraf t  
on the sur face  of Mars. 
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g = growth and spread of an  organism from a decontaminated space- 
c r a f t  on Mars, t h a t  i s  contamination by a viable  organism from a 
decontaminated spacecraft. 
Let us a l s o  depart  from the  conventions defined earlier and def ine the symbol 
P when used by i t s e l f  t o  be such that  
P = probabi l i ty  of contaminating Mars during the e n t i r e  period of 
biological  explorat ion under consideration regardless  of the 
source of contamination or  i ts  exposure to attempted s t e r i l i z a t i o n .  
Many per t inent  probabi l i ty  symbols can now be developed from these 
bas ic  event symbols using t h e  conventions and operations defined earlier. 
Several  of these a r e  l i s t e d  below. 
g iv ing  an exhaustive l i s t  but t o  i l l u s t r d t e  the use of the  de f in i t i ons  given 
earlier. Some re la t ionships  between p robab i l i t i e s  derived using Rules 1, 2 
and 3 are also given. 
These a re  given not with the i n t e n t  of 
P(C) - probabi l i ty  of contaminating Mars with decontaminated space- 
c r a f t  during the e n t i r e  period under consideration. 
P(C') = probabi l i ty  of contaminating Mars with non-decontaminated 
spacecraf t  during the e n t i r e  period under consideration. 
Note t h a t  P - P(DI-C') - P(C) + P(C') - P(C-C')by Rule 1. 
P(s)  = probabi l i ty  than an organism on (or in)  a decontaminated 
spacecraf t  w i l l  survive through a space journey. 
P(s ' )=  probabi l i ty  that an organism on (or in )  a non-decontaminated 
spacecraf t  w i l l  survive through a space journey. 
P(T) = probabi l i ty  t h a t  an organism on (or in)  a decontaminated 
spacecraf t  w i l l  not  survive through a space journey 
= 1 - P ( s )  by Rule 3. 
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P(r f  s) = probabi l i ty  t h a t  a viable  organism from a decontaminated 
spacecraf t  w i l l  be released on the surface of Mars given t h a t  
i t  has survived through a space journey 
= P(r.s)/P(s) by Rule 2. - probabi l i ty  t h a t  a viable  organism from a decontaminated P(r) 
spacecraf t  w i l l  be released on the sur face  of Mars 
- 
= P( r*s )  + P( r*s )  by Rule 1 since r - s  and r - s  a r e  mutually 
exclusive events 
= P(r-s! s ince  ~ ( r * s )  = 0. 
= an estimate of the probabi l i ty  t h a t  a viable  organism from 
h 
P(r) 
a decontaminated spacecraft  w i l l  be released on the surface 
of Mars. 
P(r' I s') = probab i l i t y  t h a t  a v iab le  organism from a non-decontaminated 
spacecraf t  w i l l  be released on the sur face  of Nars given 
t h a t  i t  has survived through a space journey 
= P(r ' - s ' ) /P(s ' ) .  
P(glr ,s)  = probabi l i ty  t h a t  an organism from a decontaminated space- 
c r a f t  w i l l  grow and spread on Mars given t h a t  it has 
survived a space journey and has been released on the  
surface of Mars as a v iab le  organism 
= P(g-r*s) /P( r=s)  = P(g-r.s)/P(rls)P(s) by Rule 2. 
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P(gl s) - probabi l i ty  t h a t  an organism from a decontaminated space- 
c r a f t  w i l l  grow and spread on Mars given t h a t  it has survived 
a space journey 
- 
P P(g.rjs)  + P(g-r ls)  by Rule 1 s ince  g - r l s  and g-rls are 
mutually exclusive events  
= P(g- r l s )  s ince  ~ ( g - r J s )  = o 
= P(g-r-s)/P(s) by Rule 2 - P(glr*s)P(r-s) /P(s)  by Rule 2. 
PG' 1s' )  = probabi l i ty  t h a t  an organism from a non-decontaminated 
spacecraf t  w i l l  not grow and spread on Mars given t h a t  
it has  survived a space journey 
= 1 - P(g' I s ' )  by R u l e  3. 
P(g Is.) = probabi l i ty  t h a t  an organism from the i t h  decontaminated i 1  
spacecraf t  w i l l  grow and spread on Mars given t h a t  it has 
survived a space journey. 
n 
P(gf1sf) = an est imate  of the probabi l i ty  t h a t  a n  organism from the 
J J  
j t h  non-decontaminated spacecraf t  w i l l  grow and spread on  
Mars given t h a t  i t  has survived a space journey. 
E(miIsi) - expected number of v iab le  organisms on the i t h  de- 
contaminated spacecraf t  a f t e r  a space journey. 
E(m! l r ! , e ! ) m  expected number of v iab le  organisms from the  j t h  non- 
J J J  
decontaminated spacecraf t  on Mars a f t e r  a space journey and 
release on Mars. 
. 
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A n  advantage of t h i s  system of applying operat ions to  basic  event 
symbols to develop probabi l i ty  notation i s  t h a t  it i s  easy to  incorporate 
new events  i n t o  the  de f in i t i ons  e i t h e r  by operating on events  already 
defined or by introducing new basic event notation. This system of 
nota t ion  is also very f l ex ib l e  and therefore  w i l l  be l i k e l y  t o  r e t a i n  its 
u t i l i t y  as new decontamination probabi l i ty  models are introduced. 
